2035 with the anticipated increase in diabetic and older population. 5 Chronic kidney disease has been associated with accelerated atherosclerosis, cognitive impairment, cerebrovascular disease, cardiovascular disease, and mortality. [6] [7] [8] [9] In the eye, patients with CKD have higher risks of cataract, glaucoma, AMD, retinopathies, and visual impairment. [10] [11] [12] The mechanism behind increased ocular diseases in patient with CKD is still being debated. It may be due to CKD and ocular diseases sharing many common systemic risk factors such as aging, DM, hypertension, smoking, and obesity. 11 Alternatively, it could also be due to mechanisms related to CKD, such as increased oxidative stress by decreased filtration of free radical-generating nitrogenous waste products or increased inflammation by activation of the RAS. 11 Earlier studies have revealed that decreased retinal vessel caliber, smaller fractal dimensions, focal arteriolar narrowing, arteriovenous nicking, and opacification of the arteriolar wall can be found in patients with CKD. [13] [14] [15] These retinal microvascular changes may be useful biomarkers for predicting cardiovascular diseases, 16 cognitive impairment, 17 and aggravation of renal function in patients with CKD. 18, 19 However, there is limited information about microvascular alterations at the capillary level. 20 Although increased intercapillary distance in CKD has been shown through use of scanning laser Doppler flowmetry, 20 to obtain adequate quality OCTA image (scan quality score <6/10 or presence of significant artifact); or (c) pregnancy.
| MATERIAL S AND ME THODS
Chronic kidney disease was defined, using the criteria recommended by Kidney Disease: Improving Global Outcomes (KDIGO) 2012 Clinical Practice Guidelines, as (a) abnormalities of kidney structure or function, present for >3 months, with implications for health; and (b) decreased glomerular filtration rate to <60 mL/min/1.73 m 2 for >3 months. 21 Estimated glomerular filtration rate was calculated from serum creatinine concentration using the CKD Epidemiology Collaboration equation. 22 Severity of CKD was defined by eGFR categories: 30-59 mL/min/1.73 m 2 (stage 3), 15-29 mL/min/1.73 m 2 (stage 4), and <15 mL/min/1.73 m 2 (stage 5). 23 Patients with CKD meeting the above criteria were enrolled from the Department of Nephrology. Age-matched (same age-group) healthy subjects without retinal disease were enrolled into the control group in 4:1 ratio.
An informed consent was obtained from each subject.
Medical histories and laboratory data for the most recent Retinopathy and Diabetic Macular Edema Disease Severity Scales. 25 In patients with both eyes eligible, the eye with better OCTA quality was used for statistical analysis.
| Optical coherence tomography angiography parameters
AngioVue (Optovue RTVue XR Avanti; Optovue Inc.) was used for acquiring OCTA images for this study. The machine uses an 840-nm diode laser source and has an A-scan rate of 70 kHz. 
| Statistical analysis
To compare the demographic data and clinical characteristics of the CKD group with the control group, Pearson's chi-square test was used for categorical variables and the independent sample t test was used for continuous variables. The independent sample t test was also used to analyze differences in vessel densities and foveal parameters between the two groups. Multiple linear regression models with backward stepwise method were used to determine the potential systemic factors associated with the vessel densities in SVP and DVP of all subjects (Model 1) and of patients with CKD (Model 2). Age, sex, smoking status, BMI, DM, use of anti-hypertensive drugs, systolic BP, diastolic BP, CKD, CKD stage, and eGFR were independent variables entered into the regression models whenever applicable. A two-tailed P value <0.05 was considered as statistically significant. Data were analyzed using SPSS Program Package version 17.0 (SPSS Inc.).
| RE SULTS
There were 200 patients enrolled in the CKD group and 50 healthy subjects enrolled in the control group. The mean age was 62.7, SD (±) 10.1, in the CKD group, and 61.9 ± 9.7 in the control group (P = 0.622).
The demographic data and clinical characteristics are summarized in Table 1 . There were no significant differences in age-group, sex, diastolic BP, smoking status, cerebrovascular disease, intraocular pressure, or axial length between two groups. However, the mean BCVA in patients with CKD (logMAR: 0.130 ± 0.151, Snellen equivalent 20/27) was slightly worse than that of the control group (logMAR: 0.069 ± 0.103, Snellen equivalent 20/23) (P = 0.001). Figure 2 shows the mean logMAR BCVA in different stages of CKD. There is a trend toward worse visual acuity with more severe CKD.
Chronic kidney disease group also had significantly higher value in BMI, systolic BP, prevalence of DM, number of patients using antihypertensive drug, and prevalence of cardiovascular disease. The Table 2 . There were 116 (66%) patients who used more than one class of drugs.
The fundus pathologies in the 200 eyes in the CKD group are summarized in Table 3 . The most common finding was early AMD (20.5%). Diabetic retinopathy was present in 8% of the eyes. Table 4 compares the parafoveal vessel densities and foveal parameters be- 
| D ISCUSS I ON
There were two major findings in this study. First, retinal microvascular alterations may occur early in patients with CKD, before the onset of visual symptoms. Secondly, the microvasculature in different retinal layers may respond differently to systemic comorbidities.
Chronic kidney disease has been associated with increased visual impairment and ocular diseases in prior epidemiology studies. [10] [11] [12] In current study, the BCVA in the CKD group was worse than that of the control group. There was also a trend toward visual acuity decreasing with increased CKD severity ( Figure 2 ). We found a high prevalence of early AMD (20.5%) among patients with CKD. Other retinopathies were not very common in this study because we en- Age and DM are important factors negatively associated with vessel density in both SVP and DVP. A prior OCTA study has demonstrated that aging is associated with decreased vessel density in both the superficial and deep capillary plexus in the normal population. 26 Chronic kidney disease may also contribute to premature aging of microcirculation. 27 Diabetes mellitus was present in 91 (45.5%) patients in the current study. It had been well known that the reduction of vessel density is correlated to the severity of diabetic retinopathy. 28, 29 Although most of our patients did not have any Other renal or urinary tract diseases 11 (5.5) Unknown etiology 13 (6.5) [30] [31] [32] [33] [34] Hypertension is very common among patients with CKD. About 85% of patients with CKD may have coexistent hypertension. 35 In our study, the most commonly used class of anti-hypertensive drug was ACEI/ARB (73.1%), followed by calcium channel blocker (49.7%).
CKD stage, n (%)
Prior studies showed that both ACEI/ARB and calcium channel blockers may improve the retinal arteriolar narrowing and capillary rarefaction in hypertensive patients. 36, 37 The benefit of anti-hypertensive drugs may have resulted either from better-controlled BP 38 or from other pharmacological effects independent of the BP lowering effect. For an example, a localized RAS had been found within the eye, such as in retinal microvasculature, Müller cells, and ganglion cells. 39 The activation of RAS may promote retinal neovascularization, inflammation, oxidative stress, and neuronal and glial dysfunction. 39 So, one of the possible mechanisms may be a protective effect in the retina via suppression of RAS by ACEI/ARB. 39 Cigarette smoking is a common risk factor for CKD and various ocular diseases such as AMD and cataract. 11 It has been well known that cigarette smoking can result in morphological changes (ie, vessel wall injury, capillary loss) and functional changes in microcirculation. 40 Interestingly, smoking was negatively associated with vessel density in DVP, but not in SVP, in the current study. A similar finding has also been reported previously in diabetic patients without diabetic retinopathy. 41 Current smoker status was correlated with lower vessel density in the deep capillary plexus, but not associated with vessel density in the superficial capillary plexus. 41 Further study is In our study, vessel densities in SVP and DVP were associated with different systemic factors. There are three capillary plexuses over the parafoveal area, namely the superficial, intermediate, and deep capillary plexus. 42 In vivo human study showed that each of these three capillary plexuses may have its own feeding arteriolar supply and draining venules. 43 Each capillary plexus has different anatomical structures and may have its own autoregulation. 43 The plexuses may respond differently to systemic condition alteration, such as changes in BP and oxygenation, or to retinal functional hyperemia evoked by a flickering light stimulus. [44] [45] [46] In our study, antihypertensive drugs and eGFR were associated with vessel density in SVP, but not in DVP. On the contrary, smoking was associated with vessel density in DVP, but not in SVP. Therefore, our results support the hypothesis that microvasculature in different retinal layers may respond differently to varying systemic factors.
There are several limitations in this study. The study is limited by its small sample size and cross-sectional study design. Longitudinal follow-up data were not available. Furthermore, we enrolled patients without visual symptoms into the CKD group. So, our results may reflect early retinal microvascular alterations rather than latestage retinopathies.
In summary, our study demonstrated that patients with CKD had 
PER S PEC TIVE
Optical coherence tomography angiography showed that patients with CKD may have rarefaction and morphological changes of retinal microvasculature in the superficial and DVPs. The microvasculature in different retinal layers may respond differently to various systemic factors.
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